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1. 

DIGITAL DATA INTERLEAVING SYSTEM WITH 
IMPROVED ERROR CORRECTABILITY FOR 
VERTICALLY CORRELATED INTERFERENCE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This invention is related to and is operable with appa 
ratus disclosed and claimed in applications Ser. No. 
894,388, filed Jun. 5, 1992, Ser. No. 204,972, filed Mar. 
2, 1994, Ser. No. 931,176, filed Aug. 17, 1992, and U.S. 
Pat. Nos. 5,086,340, 5,260,793 and 5,181,112, all of 
which are incorporated herein by reference. 
BACKGROUND OF THE INVENTION AND 

PRIOR ART 

This invention relates generally to a digital data trans 
mission system and specifically to the digital data trans 
mission system incorporated in the Zenith/AT&T Digi 
tal Spectrum Compatible High Definition Television 
(DSC-HDTV) system recently tested by the Federal 
Communications Commission. 

In the foregoing system, data is supplied in an input 
frame format comprising two and four level symbols 
arranged in repetitive data segments and then reformat 
ted into a transmission frame. The two level symbols are 
more robust and are used to convey information that is 
of greater "importance'. Two level symbols are better 
in terms of noise performance, but result in a reduced 
data rate. The input frame format comprises 12 data 
segments (DS) of two level symbols followed by 240 
data segments of either two or four level symbols and 
nine data segments of four level symbols. The data is 
supplied in the form of two successive fields similar to, 
but otherwise unrelated to, the two successive fields in 
an NTSC system. A transmission bit map (TBM) is 
included in each field. The TBM consists of 15 bytes 
(120 bits), one for each of 120 data segment pairs, i.e. 
120 groups of two contiguous data segments, or a total 
of 240 data segments. A TBM “1” bit indicates a seg 
ment pair of two level symbols and a “0” bit indicates a 
segment pair of four level symbols. 
The symbol data is reconfigured into a transmission 

frame format for enhancing the ability of the data to 
withstand expected interference from NTSC as co 
channel signals and to optimize signal robustness, i.e. its 
ability to be processed with minimum errors and maxi 
mum data rate. In addition to the expected interference 
from NTSC co-channel signals, conventional "burst 
noise, which tends to affect lines or segments of data, is 
likely to be encountered. NTSC signal interference 
tends to affect vertically aligned data in the transmission 
frame due to its strong vertical edge video content. The 
invention is directed to overcoming the effects of such 
vertically oriented interference. A conventional Reed 
Solomon (R-S) byte correction code is incorporated in 
the data segments of the transmitted signal. Since the 
R-S system corrects bytes of data rather than symbols, 
the invention seeks to pack a number of symbol errors 
into a single byte of data (when the signal is recon 
figured in the receiver) to maximize the R-S effective 

SS. 

OBJECTS OF THE INVENTION 

A principal object of the invention is to provide an 
improved digital data transmission system for television 
signals. 
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2 
Another object of the invention is to provide an error 

protection system and transmission format for an 
HDTV signal operating in the vicinity of NTSC co 
channel signals. 
A further object of the invention is to provide a sys 

tem for transmitting an error protected digital HDTV 
signal in an environment including a high level of verti 
cally oriented interference. 
BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the inven 
tion will be apparent upon reading the following de 
scription in conjunction with the drawings, in which: 
FIG. 1 is a simplified partial block diagram of a data 

transmission system constructed in accordance with the 
invention; 

FIG. 2 is a simplified diagram illustrating the format 
of an input frame of birate symbol information prior to 
being formatted for transmission; 

FIG. 3 illustrates the arrangement of data segments 
into subsegments prior to interleaving; 

FIG. 4 illustrates half-field interleaving of the subseg 
ments to enhance their resistance to vertically oriented 
noise in accordance with the invention; 
FIG. 5 is an expanded view of a pair of subsegments 

of FIG. 4; 
FIG. 6 is a partial illustration of line interleaving of 

the symbols for transmission in the transmission format; 
and 
FIGS. 7A and 7B are a simplified block diagram of a 

receiver for processing the signals of the invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Referring to FIG. 1, a block diagram of a transmis 
sion system constructed in accordance with the inven 
tion is shown. An input frame data source 10 is coupled 
to a byte splitter and converter 20 by a pair of lines or 
buses. In accordance with conventional usage, an 
oblique slash mark intersecting a line or bus, and its 
accompanying number, indicates the number of con 
ductors comprising the bus. Thus the oblique slash mark 
and the number 8 indicates that the upper bus comprises 
8 conductors capable of supplying 8 bits of parallel data 
whereas the lower bus, marked with a 1, indicates that 
a single bit is supplied on a single conductor. The data 
bits on the 8 bit bus are numbered 0-7 and the bit sup 
plied by the lower conductor is indicated as being a 
birate flag. The bits of each 8 bit data byte are divided 
or split into pairs in block 20 and the upper two output 
leads of block 20 develop the bit sequence indicated, 
e.g. bit numbers 7,6 appearing on the two leads fol 
lowed by bit numbers 5,4 followed by bit numbers 3,2 
and followed by bit numbers 1,0. The birate flag is a 
single bit that is conveyed over a single conductor. The 
birate flag identifies the accompanying pair of bits on 
the upper two output leads as representing a two level 
or a four level symbol. The bit pairs and the birate flag 
are applied to a data handler 30 which is in bidirectional 
communication with two half-field interleaving storage 
devices 40 and 50 labelled bank A field and bank B field, 
respectively. The bit pairs and the birate flag are applied 
to the interleaving devices 40 and 50 by data handler 30 
in the format received from the byte splitter 20 and read 
out of the interleaving devices by data handler 30 in a 
field interleaved format with increased vertical orienta 
tion of the symbols (bit pairs) as will be discussed fur 
ther. The two half-field interleaving banks A and B 
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minimize the memory size that would be required for 
full field storage and interleaving. The restriction of 
interleaving on a half-field basis is a reasonable cost/p- 
erformance tradeoff. 
The output of data handler 30 (consisting of succes 

sive bit pairs and the associated birate flag) is applied to 
an offset calculator 60 and to a line interleaver 70. Line 
interleaver 70 functions to interleave the symbols of the 
subsegments of each segment as disclosed in U.S. Pat. 
No. 5,181,112 to facilitate the subsequent precoding 
operation. Offset calculator 60 analyzes the data sup 
plied by data handler 30 in accordance with a predeter 
mined algorithm to derive an offset factor for each 
subsegment which is applied to one input of a precoder 
80. As more fully disclosed U.S. Pat. No. 5,181,112, the 
offset factor may, for example, be selected to positively 
offset (modulo N) the transmitted data for facilitating 
recovery of the transmitted signal by a suitable receiver. 
Precoder 80, whose second input is supplied by line 
interleaver 70, in addition to offsetting the symbols (bit 
pairs) of each subsegment in accordance with the de 
rived offset factor, also precodes the subsegment to 
facilitate subsequent linear filtering of the data in a re 
ceiver to minimize NTSC co-channel interference. The 
precoder output has three single bit leads that are cou 
pled to a mapper 90 where the individual symbol infor 
mation is mapped to selected transmission levels for 
facilitating transmission of the appropriate signal ampli 
tudes. 

In FIG. 2, the input data frame format is illustrated. 
The two fields are identified as data field 1 and data field 
2. The data segment sync is common to all data seg 
ments in both fields and is included in the initial four 
bytes of information in each data segment. The four 
bytes comprise four data sync symbols and 12 offset 
symbols, with one offset symbol for each of the subse 
quent 12 subsegments of the data segment. Each of the 
four initial bytes of data in each segment is followed by 
167 bytes of information consisting of 147 bytes of data 
and 20 bytes of Reed-Solomon correction or parity 
bytes. The first data segment in each data field com 
prises a field sync which is a pseudo random sequence 
of two level symbols. This is followed by 12 segments of 
2-level symbols which include the TBM (transmission 
bit map). The TBM, it will be recalled, comprises one 
bit for each pair of the next 240 data segments or 15 
bytes (120 bits total) of information, with each bit defin 
ing whether the data segment pair contains two level or 
four level symbols. In the preferred system, the two 
level and four level symbol variability is constrained by 
the requirement that contiguous pairs of data segments 
contain either all two level or all four level symbols. As 
mentioned, the initial 12 data segments contain only two 
level symbols. Therefore the “more important” data in 
a field is sent in two level symbol form to assure its 
integrity. As the video information is compressed prior 
to transmission, the components thereof which are most 
important in reconstructing the video data in the re 
ceiver, are preferably sent as 2-level symbols in the first 
12 data segments. The following 240 data segments 
comprise either two or four level symbols, as discussed 
above, and these are followed by nine data segments of 
four level symbols. 
FIG. 3 illustrates the arrangement of the various data 

segments of the input signal in the first field. The data 
segments are indicated by the letters DS and a number, 
i.e. DS0, DS1, DS2 . . . DS129. The subsegments are 
designated by the letters SS and a number from 0 to 11 
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4 
since there are 12 subsegments in a data segment. Each 
subsegment includes 56 symbols. 

FIG. 4 illustrates the algorithm used by field inter 
leavers 40 and 50 to map the input data field (FIG. 3) to 
an output data field (FIG. 4). The illustrated mapping 
strategy essentially addresses two forms of interference 
expected to be encountered during transmission of the 
data. The first form of interference comprises burst 
noise and this is addressed by rearranging the data sub 
segments throughout the half-field such that, upon re 
construction of the field in a receiver (i.e. de-interleav 
ing), the effects of the burst noise will be scattered 
throughout the entire half-field of reproduced data. The 
second form of interference comprises NTSC co-chan 
nel interference which is expected to be highly verti 
cally correlated. As will be described in further detail 
hereinafter, the Reed-Solomon error correction system 
used to correct errors in the received signal is byte 
based, having the capability of correcting all errors in a 
predetermined number of bytes of each received data 
segment. It is therefore highly advantageous to group as 
many errors as possible into the same received byte 
thereby providing optimum error correction efficiency. 
This is facilitated according to the invention by reori 
enting the data subsegments so that the constituent 
symbols thereof are more exposed to the effects of the 
expected interference. Therefore, in the case of NTSC 
co-channel interference, which is expected to be highly 
correlated in a vertical direction, the data subsegments 
are oriented in vertical alignment for increased expo 
sure to the interference. In this manner, error correction 
efficiency in the receiver is increased by packing errors 
caused by the co-channel interference into common 
bytes. The interleaving selected is a compromise be 
tween protection against burst errors, the expected 
vertically oriented NTSC co-channel interference and 
the R-S correction system. 
A major constraint on interleaving results from the 

birate transmission system and the particular type of 
precoding system used in the DSC-HDTV system. The 
system is birate, in that it has both two and four level 
symbols and it uses modulo 4 precoding which enables 
a linear comb filter in a receiver to greatly minimize 
certain types of interference from NTSC co-channel 
signals. 

Referring again to FIGS. 4 and 5, the half-field inter 
leaving will be explained in more detail. Symbol errors 
(due to noise and the like) must be expected. When a 
transmission data segment is corrupted by burst noise, 
many of the symbols in that data segment may be in 
error, since the noise tends to spread across the data 
segment, e.g. is horizontally oriented. To guard against 
burst noise corrupting an entire segment, each data 
segment is divided into subsegments that are swapped 
or interleaved with other subsegments in the (half) field. 
Thus, data segment 0 (DSO) has 12 subsegments SS0 to 
SS11 (as shown in FIG. 3). The subsegments of each 
data segment are swapped in the half field to distribute 
them on different lines in the half field as illustrated in 
FIG. 4. Thus the first line includes subsegments from 
DSO, DS2, DS110, DS112, etc. Burst noise-caused sym 
bol errors are thus spread out (when the transmission 
frame is deinterleaved in the receiver). Large bursts 
may also cause errors in consecutive data segments so 
the subsegments from the same data segment are spaced 
apart by a number of data segments in the half field. 
As mentioned, a predominant source of interference 

is expected to be from co-channel NTSC and horizontal 
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sync and video, which will create vertically correlated 
errors. The invention reduces the effect of such errors 
by placing symbols in the same input byte in vertical 
alignment in two successive transmission data segments. 
The vertically oriented noise affects the now vertically 
oriented symbols of the subsegment and when the re 
ceived signal is deinterleaved, the symbol errors will be 
placed into the same byte. The multiple symbols in a 
subsegment are placed into two successive data seg 
ments and double-sized subsegments are required to fill 
the independently coded parts of both data segments. 
Thus a data segment can only be divided into 6 subseg 
ments for transmission. The independent subsegments 
of a data segment are therefore spread 20 lines or data 
segments apart in the transmission frame. 
FIG. 4 (and the expanded view thereof in FIG. 5) 

illustrates this vertical correlation process. Specifically, 
FIG. 5 shows an expanded view of the initial subseg 
ments of the first two data segments in the two line 
interleaved arrangement of FIG. 4. The individual sym 
bols of the subsegments are further divided into even 
and odd symbols. Thus data segment 0, subsegment 0 is 
split into even (A) and odd (B) symbols. Data segment 
0 (DS0 even) has the symbols S0, S2, S4, S6, S8... S54 
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6 
1 (DS1 odd) has the symbols S1, S3, S5 . . . S55 from 
subsegment 0 of data segment 0. Similarly, subsegment 
1 of data segment 0 is divided into even (C) and odd (D) 
symbols, with symbols S0, S2, S4. ... S54 from subseg 
ment 0 of data segment 1 being in the DS0 (even) line 
and symbols S1, S3 . . . S55 from subsegment 0 of data 
segment 0 being in the DS1 (odd) line. 

It will be recalled that modulo 4 precoding has a 
feedback delay of 12 symbols. Therefore each of the 12 
independent subsegments in a data segment is arranged 
to precode within itself only. This is accomplished by 
spreading the individual symbols of a subsegment by 12 
across the transmission data segment so one subseg 
ment, for example, has symbols 0, 12, 24, 36 and the next 
subsegment has symbols 1, 13, 25, 37, etc. This is re 
ferred to as line interleaving. Line interleaving thus 
consists of grouping the first symbols of each subseg 
ment in a single subsegment, grouping the second sym 
bols of each subsegment in the next subsegment, etc. as 
partially illustrated in FIG. 6. This is grouping by 12. 
Note that the first symbol (O) of each subsegment in data 
segment 0 is grouped (DS0, SS0 to DS32, SS10) foll 
lowed by the second symbols of each subsegment, etc. 
The complete listing of input symbols and their location 

from subsegment 0 of data segment 0 and data segment 25 in the transmission frame is as follows: 

Half-field Interleaving Map 
Pairs of transmitted segments and the original segment 

locations of their subsegments 
destinations subsegment numbers 
even, odd: 0 2 3 4 5 6 7 8 9 10 11 

0, 1 O 2 10 112 90 92 70 72 50 52 30 32 
2, 3 4 6 114 116 94. 96 74 76 54 56 34 36 
4, 5 8 118 91 98 71 78 51 58 3. 38 
6, 7 3 5 113 115 93 95 73 75 53 55 33 35 
8, 9: 7 9 117 119 97 99 77 79 57 59 37 39 

10, 11 10 12 120 122 100 102 80 82 60 62 40 42 
12, 13: 14 16 124 126 104 106 84 86 64 66 44 46 
i4, 15: 11 18 121 128 10 108 81 88 61 68 41 48 
16, 17: 13 15 123 125 103 105 83 85 63 65 43 45 
18, 19: 17 19 127 129 107 109 87 89 67 69 47 49 
20, 21: 20 22 O 2 110 112 90 92 70 72 50 52 
22, 23 24 26 4 6 114 16 94 96 74 76 54 56 
24, 25 21 28 1 8 111 118 91 98 71 78 5 58 
26, 27 23 25 3 5 13 115 93 95 73 75 53 55 
28, 29 27 29 7 9 117 119 97 99 77 79 55 59 
30, 31 30 32 10 12 120 122 100 102 80 82 60 62 
32, 33 34 36 14 16 124 126 104 106 84 86 64 66 
34, 35 3. 38 11 18 121 128 10 108 81 88 61 68 
36, 37 33 35 13 15 123 125 103 iOS 83 85 63 65 
38, 39 37 39 17 19 127 29 107 09 87 89 67 69 
40, 41 40 42 20 22 O 2 10 12 90 92 70 72 
42, 43 44 46 24 26 4. 6 114 16 94 96 74 76 
44, 45 4. 48 2 28 l 8 11 118 91 98 71 78 
46, 47 43 45 23 25 3 5 113 15 93 95 73 75 
48, 49 47 49 27 29 7 9 117 119 97 99 77 79 
50, 51 50 52 30 32 10 12 120 122 100 102 80 82 
52, 53 54 56 34 36 14 16 124 126 104 106 84 86 
54, 55 51 58 31 38 11 18 121 128 101. 108 81 88 
56, 57 53 55 33 35 13 15 123 25 103 105 83 85 
58, 59 57 59 37 39 17 19 27 129 107 109 87 89 
60, 61 60 62 40 42 20 22 O 2 110 112 90 92 
62, 63 64 66 44 46 24 26 4. 6 114 16 94 96 
64, 65 61 68 41 48 2 28 1 8 11 118 91 98 
66, 67 63 65 43 45 23 25 3 5 113 115 93 95 
68, 69 67 69 47 49 27 29 7 9 17 119 97 99 
70,71 70 72 50 52 30 32 10 12 120 122 100 102 

-- 72, 73 74 76 54 56 34 36 14 16 124 126 104 106 
74, 75 71 78 51 58 31 38 11 18 121 128 101 108 
76, 77 73 75 53 55 33 35 13 15 123 125 103 105 
78, 79 77 79 57 59 37 39 17 19 127 129 107 109 
80, 81 80 82 60 62 40 42 20 22 O 2 110 12 
82, 83 84 86 64 66 44 46 24 26 4. 6 114 116 
84, 85 81 88 61 68 41 48 21 28 1 8 11 118 
86, 87 83 85 63 65 43 45 23 25 3 5 113 115 
88, 89 87 89 67 69 47 49 27 29 7 9 117 119 
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-continued 
Half-field Interleaving Map 

Pairs of transmitted segments and the original segment 
locations of their subsegments 

destinations subsegment numbers 
even, odd: 0 2 3 4. 5 6 7 8 9 10 11 

90, 91: 90 92 70 72 50 52 30 32 10 12 120 122 
92, 93: 94 96 74 76 S4 56 34 36 14 16 124 126 
94, 95: 91 98 71 78 51 58 31 38 11 18 121 128 
96, 97: 93 95 73 75 53 55 33 35 13 5 123 125 
98, 99: 97 99 77 79 57 59 37 39 17 19 127 29 
100, 101: 100 102 80 82 60 62 40 42 20 22 O 2 
102, 103: 104 106 84 86 64 66 44 46 24 26 4 6 
104, 105: 101 108 8 88 61 68 41 48 21 28 8 
106, 107: 103 105 83 85 63 65 43 45 23 25 3 5 
108, 109: 107 109 87 89 67 69 47 49 27 29 7 9 
i0, 111: 110 112 90 92 70 72 50 52 30 32 10 12 
112, 113: 114 116 94 96 74 76 54 56 34 36 14 16 
114, 115: 111 118 91 98 7 78 51 58 31 38 11 8 
116, 117: 113 115 93 95 73 75 53 55 33 35 13 15 
118, 119: 117 119 97 99 77 79 57 59 37 39 17 19 
120, 121: 120 122 100 102 80 82 60 62 40 42 20 22 
122, 123: 124 26 104 106 84 86 64 66 44 46 24 26 
124, 125: 12 28 10 108 81 88 61 68 41 48 21 28 
126, 127: 123 125 103 105 83 85 63 65 43 45 23 25 
128, 129: 27 129 O7 109 87 89 67 69 47 49 27 29 
130: 30 130 130 130 130 130 130 130 130 130 130 130 

Ex: Transmitted segments 0 and 1 will contain information from: 
segment 0 in subsegment 0, segment 2 in subsegment 1, 
segment 110 in subsegment 2, segment 112 in subsegment 3, 
segment 90 in subsegment 4, segment 92 in subsegment 
segment 70 in subsegment 6, segment 72 in subsegment 
segment 50 in subsegment 8, segment 52 in subsegment 
segment 30 in subsegment 10, segment 32 in subsegment 1 

y 

As mentioned, an offset calculation is used to assure 
that the transmitted signal results in a pilot-like residue 
or remainder when it is recovered in the receiver. Es 
sentially, the offset calculator determines the levels of 
the symbols in each subsegment and introduces an offset 
to those symbol levels (in a subsegment) to assure a 
certain remainder when that subsegment of symbols is 
recovered. That arrangement is not part of the present 
invention and is described in others of the copending 
applications referred to above. 

In FIGS. 7A and 7B, a received DSC-HDTV signal 
is converted by a tuner IF detector 100 to a baseband 
analog signal, which is applied to an analog-to-digital 
(A/D) converter 120. A/D converter 120 converts the 
received input information to a 10 bit digital signal 
which represents the amplitude of the incoming re 
ceived modulo N precoded symbols. A/D converter 
120 is coupled to a synchronizing signal recovery cir 
cuit 140 that operates in accordance with copending 
applications Ser. Nos. 894,388, filed Jun. 5, 1992, and 
204,972, filed Mar. 2, 1994 above to recover the data 
segment sync and field sync signals used for timing in 
the receiver. The sync signal recovery function and 
other functions indicated in the various blocks are dis 
closed in detail in various of the copending applications 
mentioned above, but are not disclosed herein since 
they are not part of the present invention. A/D con 
verter 120 is also coupled to a post code switching logic 
circuit 160 which functions in accordance with U.S. 
Pat. No. 5,260,793 above to determine whether the 
received signal is in the presence of a substantial inter 
fering NTSC co-channel. 

In the event that a substantial interfering NTSC co 
channel is present, appropriate logic signals are sent to 
post code switch circuit 180, which is also supplied by 
A/D converter 120, to provide an output to a linear 
post comb circuit 200. In the event post code logic 
circuit 160 determines that there is minimal or no inter 
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ference from NTSC co-channels (as determined by a 
preset threshold level), post code switch circuit 180 
routes its 10 bit output around linear post comb circuit 
200 to an equalizer 220. The linear post comb circuit 200 
is used in the presence of NTSC co-channel interference 
since it effectively eliminates the harmful effects of the 
major portion of that interference. However, it does 
impose a signal-to-noise ratio reduction and also in 
creases the number of levels characterizing the pro 
cessed signals. Post code switch logic 160 generates a 
logic post code flag in the presence of NTSC co-chan 
nel interference (that exceeds the threshold level). The 
flag causes post code switch 180 to couple its 10 bit 
output to linear post comb filter 200. Filter 200 operates 
to develop a filtered 10 bit output signal with reduced 
co-channel interference (as fully discussed in U.S. Pat. 
No. 5,086,340) which is supplied to channel equalizer 
220. Channel equalizer 220, among other operations, 
removes the DC component of the received signal. The 
output of post comb filter 200 comprises seven level 
symbols (representing received and filtered four level 
symbols) or three level symbols (representing received 
and filtered two level symbols), respectively. In the 
absence of significant NTSC co-channel interference 
(below the threshold), postcode switch logic 160 devel 
ops a logic "0" post code flag that causes post code 
switch 180 to couple the 10 bit input symbols from A/D 
120 directly to channel equalizer 220 and no increase in 
symbol levels occurs. The 10 bit output of channel 
equalizer 220 is supplied to a “soft” slice circuit 240 
which executes appropriate bit reduction slicing as dis 
cussed in copending application U.S. Ser. No. 931,176, 
filed Aug. 17, 1992 in response to the logic “0” post 
code flag. 
The four bit output of soft slicer 240 is applied to a 

line or data segment deinterleaving circuit 260, which 
output is in turn applied to a field deinterleaving circuit 
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280. These circuits, which function to deinterleave the 
intrasegment and intersegment symbols, are discussed in 
U.S. Pat. No. 5,136,375. The bit reduction (from 10 to 4) 
effected by soft slicer 240 allows the memory required 
to implement the deinterleaving circuits 260 and 280 to 
be reduced by a factor of 2. Segment deinterleaver 260 
groups subsegments into successive sequences of adja 
cent symbols and field deinterleaver 280 places each 
subsegment back into its proper data segment. The 
output of field deinterleaver 280 is supplied to a hard 
slicer 300 which also receives the post code flag 
through a delay circuit 320 and a birate flag that is 
contained in the received transmission bit map. The 
birate flag is received from processor 440 and functions 
in conjunction with the post code flag to properly slice 
the signals (see U.S. Pat. No. 5,136,375). 
The output of hard slicer 300 and an error flag are 

applied to a switch 360 which is also operated in re 
sponse to the postcode flag from delay 320. A post code 
flag of “0” indicates that the received signals were not 
processed by linear comb filter 200 and they are there 
fore applied to a byte builder 400. A post code flag of 
'1' indicates that received signals were processed by 
linear comb filter 200 and the binary values from hard 
slicer 30 (and any error flag) are directly applied to byte 
builder 400. 

Byte builder 400 thus receives the data and error flag 
from either switch 360 or post coder 380. Byte builder 
400 groups the two bit binary values from switch 360 
and postcoder 380 into eight bit bytes for application to 
the R-S error correction circuit 420. Two level data 
takes eight transmission symbols per byte and four level 
data takes four transmission symbols per byte. Each 
byte is accompanied by a one bit error flag which repre 
sents an error in any of the symbols that comprise the 
associated byte. The corrected bytes from the Reed 
Solomon corrector circuit 420 are applied to a proces 
sor 440 for further signal processing to reconstitute the 
high definition video, audio and other information. 

In summary, the invention utilizes the fact that the 
type of interference to which the transmitted signal will 
be subject is known to be predominantly vertically 
oriented and arranges the interleaving to take advan 
tage of that knowledge. The symbols of an input frame 
are arranged in subsegments and their vertical orienta 
tion is enhanced in the transmission frame by interleav 
ing. Vertically oriented interference will thus tend to 
impact more than one symbol in a subsegment, resulting 
in multiple symbol errors being packed into the same 
data byte when the signal is deinterleaved in the re 
ceiver so that the Reed-Solomon correction system 
employed can operate more effectively. 
While details of the system are given for the purposes 

of completeness and accuracy, it will be recognized that 
numerous changes and modifications in the described 
embodiment of the invention will occur to those skilled 
in the art without departing from its true spirit and 
scope. The invention is to be limited only as defined in 
the claims. 
What is claimed is: 
1. In a system having an input data frame comprising 

a plurality of successive input data segments, each said 
input data segment including a plurality of symbols 
arranged into a group of input subsegments of a given 
number of symbols and including an error protection 
code, potential interference with signals in said system 
expected to have a high degree of vertical correlation; 
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10 
means for formatting a transmission data frame for 

said signals wherein two or more symbols of an 
input subsegment are vertically correlated on dif 
ferent transmission data segments. 

2. The system of claim 1 wherein said different trans 
mission data segments comprise a pair of adjacent trans 
mission data segments. 

3. The system of claim 2 wherein each said input 
subsegment is split into pairs of symbols with the odd 
and the even symbols of each pair being vertically 
aligned in said transmission data frame. 

4. The system of claim 3 wherein each of said input 
data segments comprises 12 contiguous input subseg 
ments and wherein said input subsegments are inter 
leaved in said transmission frame into different transmis 
sion data segments for also guarding against interfer 
ence having a high degree of horizontal correlation. 

5. The system of claim 4 wherein the symbols in each 
of said 12 input subsegments are spread over 12 contigu 
ous subsegments in said transmission data segments to 
form 12 spread subsegments, said transmission data 
segments further including an initial subsegment of 12 
symbols for determining an offset level for said 12 
spread subsegments, respectively. 

6. A television signal transmission system having a 
signal comprising transmission frames of successive 
horizontal transmission data segments, each including a 
plurality of transmission subsegments of a given number 
of symbols, said transmission subsegments being formed 
from input data subsegments, said signal being error 
protected and exposed to vertically oriented interfer 
ence, said error protection being limited to correction 
of a maximum number of errors in a transmission data 
segment, the improvement comprising: 

arranging said input data subsegments in said trans 
mission frames so that symbols from the same input 
data subsegment are vertically oriented. 

7. The system of claim 6 wherein said error protec 
tion system is based upon bytes of digital data and 
wherein said vertical orientation of said symbols in said 
transmission frames increases the likelihood that verti 
cally oriented interference will affect a larger number of 
symbols in an affected input data subsegment and be 
packed into the same byte when said data is recovered 
and reconfigured into input data subsegments in a re 
ceiver. 

8. A method of transmitting digital data in the envi 
ronment of an interfering signal including an interfering 
component having a known predetermined characteris 
tic, comprising: 

providing an input digital data signal comprising a 
plurality of multibit constituent components; 

reorienting each of said multibit constituent compo 
nents in a manner related to said predetermined 
characteristic to increase the exposure thereof to 
said interfering component; and 

transmitting said reoriented multibit constituent com 
ponents. 

9. The method of claim 8 wherein said interfering 
signal comprises an NTSC co-channel television signal 
comprising a plurality of successive lines of video infor 
mation having a repetition rate H and wherein said 
reorienting step comprises separating each of said con 
stituent components into portions and arranging said 
portions for transmission at spaced time intervals corre 
sponding to 1/H. 

10. The method of claim 9, further comprising: 
receiving said transmitted components; 
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reconstructing said constituent components compris 
ing said input digital data signal such that errors 
caused by said interfering component are relatively 
closely spaced; and 

error correcting said reconstructed constituent con 
ponents. 

11. A method of transmitting a digital HDTV signal 
on a channel which may be subject to interference from 
an NTSC co-channel signal, the NTSC co-channel sig 
nal comprising a plurality of successive lines of video 
information having a repetition rate H, comprising: 

providing an input digital HDTV signal in the form 
of a plurality of data segments having a repetition 
rate H, each of said data segments comprising a 15 
plurality of multibit subsegments; 

separating each of said multibit subsegments into first 
and second portions; 

arranging said first and second portions of each of 
said multibit subsegments for transmission at a 20 
spaced time interval corresponding to 1/H; and 

transmitting said arranged first and second portions. 
12. The method of claim 11 wherein each of said 

multibit subsegments represents a predetermined num 
ber of successive data symbols, said separating and ar 
ranging steps comprising separating the symbols of each 
of said multibit subsegments into first and second por 
tions comprising the even and odd numbered symbols 
respectively of each of said subsegments and arranging 30 
each successive pair of even and odd numbered symbols 
for transmission at a spaced time interval corresponding 
to 1/H. 

13. The method of claim 12, further comprising: 
receiving said transmitted first and second portions; 35 
reconstructing said multibit subsegments from said 

first and second portions such that errors caused by 
interference from said NTSC co-channel are rela 
tively closely spaced; and 

error correcting said reconstructed multibit subseg 
ents. 

14. A method of receiving digital data having a plu 
rality of multibit constituent components reoriented 
into transmission components in a transmission frame as 
that are arranged to increase their exposure to an inter 
fering component having a known predetermined char 
acteristic, comprising: 

receiving said transmission components; 
reconstructing said constituent components compris- 50 

ing said digital data so that errors caused by said 
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12 
interfering component are relatively closely 
spaced; and 

error correcting said reconstructed constituent com 
ponents. 

15. The method of claim 14 wherein said predeter 
mined characteristic is vertical orientation and wherein 
said transmission components include portions of said 
multibit constituent components in vertical alignment in 
said transmission frame. 

16. A method of receiving a digital HDTV signal 
having a plurality of data segments having a repetition 
rate H, with each data segment comprising a plurality of 
multibit subsegments and being rearranged into first and 
second portions and transmitted at a spaced time inter 
val of 1/H, comprising: 

receiving said first and second portions; 
reconstructing said multibit subsegments from said 

first and second portions; and 
error correcting said multibit subsegments. 
17. A receiver for receiving transmission components 

in a transmission frame comprising digital data having a 
plurality of multibit constituent components rearranged 
to increase their exposure to an interfering component 
of predetermined characteristic, comprising: 
means for receiving said transmission components; 
means for reconstructing said multibit constituent 
components so that errors caused by said interfer 
ing component are relatively closely spaced; and 

means for error correcting said reconstructed multi 
bit constituent components. 

18. The receiver of claim 17 wherein said predeter 
mined characteristic is vertical orientation and wherein 
said transmission components include portions of said 
multibit constituent components in vertical alignment in 
said transmission frame. 

19. The receiver of claim 18 wherein said multibit 
constituent components each include a plurality of con 
tiguous symbols and wherein one of said portions in 
cludes even numbered symbols and the other includes 
odd numbered symbols. 

20. A receiver for receiving an HDTV signal having 
a plurality of data segments having a repetition rate H, 
with each data segment comprising a plurality of multi 
bit subsegments being arranged into first and second 
portions and transmitted at a spaced time interval of 
1/H, comprising: 
means for receiving said first and second portions; 
means for reconstructing said multibit subsegments 
from said first and second portions; and 

means for error correcting said multibit subsegments. 
sk : ck 


